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CLAIMS 



- T \Aji apparatus for determining a dimension of a feature of a 

semiconductor device\ comprising: 

at least one source of electrons; 

a focusing\device positioned proximate to the source of electrons to 
focus electrons emitted bAthe source and form an electron beam, the focusing device 
focusing the electron beamVo have first and second depths of focus and form at least 
one representation of the semiconductor device corresponding to electrons focused at 
p the first and second depths of focused impinging on the semiconductor device; 

a support alignediwitjythe electron beam and having a support surface to 
engage the semiconductoi^dey^^ and support the semiconductor device, one of the 
electron beam and the support bejng movable relative to the other of the electron beam 
and the support. 



j 2. The apparatus of claim 1 wherein the support is movable relative 
to the source in a direction generally transverse to the electron beam. 

The apparatus of claim 1 wherein the support is movable relative 
to the source in a direction generally aligned with an axis of the electron beam. 

4. The apparatus of claim 1, further comprising a first detector 
spaced apart from the support to receive a first flow of electrons from the 
semiconductor device and generate a first signal corresponding thereto, and a second 
detector spaced apart from the support to receive a second flow of electrons from the 
semiconductor device and generate a second signal corresponding thereto. 

5. The apparatus of claimr 4, further comprising a third detector 
operatively coupled to one of the suppo^ and the source to detect movement of the 
one of the support and the source,/the third detector generating a third signal 
corresponding to movement detectedrthereby. 
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6. The apparatus of claim 5, further comprising a memory device 
coupled to at least one of the detector to store the signal generated by the detector. 

7. The apparatus of claim 5, further comprising a display coupled to 
the detectors to graphically display a voltage generated by the first and second electron 
flows as a function of the movement detected by the third detector. 

8. The apparatus of claim 5, further comprising a printing device 
coupled to the detectors to print a representation of a voltage generated by the first and 
second flows of electrons as a function of the movement detected by the third sensor. 

9. The apparatus of claim 1 wherein the source of electrons is a first 
source, the electron beam corresponding thereto is a first electron beam focused at the 
first depth of focus, and the focusing device is a first focusing device, further 
comprising: 

a second source of electrons spaced apart from the first source of 

electrons; and 

a second focusing device positioned proximate to the second source of 
electrons to focus electrons emitted by the second source and form a second electron 
beam, the second focusing device focusing the second electron beam to have the 
second depth of focus simultaneously with the first focusing device focusing the first 
electron beam to have the first depth of focus. 

10. The apparatus of claim 1 wherein the focusing device is a first 
focusing device and the electron beam is a first electron beam, further comprising: 

a port surface positioned intermediate the source and the first focusing 
device and having first and second ports therethrough, the first port being positioned 
proximate to the source to form the first electron beam, the second port spaced apart 
from the first port to form a second electron beam; and 

a second focusing device positioned proximate to the second port to 
focus the second electron beam to have the second depth of focus simultaneously with 
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the first focusing device focusing the first electron beam to have the first depth of 
focus. 

11. The apparatus of claim 1 wherein the focusing device focuses the 
electron beam to have the first depth of focus prior to focusing the electron beam to 
have the second depth of focus. 



12. An\ apparatus for determining a dimension of a feature of a 
semiconductor device, comprising: 
C3 a source of electrons; 

a port surface\having a first and second ports therethrough, the first port 
being positioned proximate to the source to form a first electron beam when electrons 
pass therethrough, the second port spaced apart from the first port to form a second 
electron beam when electrons pass therethrough; 

a first focusing devrce positioned proximate to the first port and adjacent 
the first electron beam to focus themrst electron beam on a first position; 

a second focusing deyicfevpositioned proximate to the second port and 
adjacent the second electron beanijl^focus the second electron beam on a second 

osition; and 

a support alignecNwith tfte first and second ports and having a support 
surface to engage the semiconductor device and support the semiconductor device at 
the first and second positions, one ofVhe support and the source being movable 
relative to the other of the support and the source. 



position that is different frox 



13. The apparatus of claim 12 wherein the support is movable relative 
to the source in a direction generally transverse to at least one of the first and second 
electron beams. 



14. The apparatus of claim 12 wherein the support is movable relative 
to the source in a direction generally aligned with an axis of at least one of the first and 
second electron beams. 
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15. The apparatus of claim 12, further comprising a first detector 
spaced apart from the support to receive a first flow of electrons from the 
semiconductor device and generate a first signal corresponding thereto, and a second 
detector spaced apart from the support to receive a second flow of electrons from the 
semiconductor device and generate a second signal corresponding thereto. 

16. The apparatus of claim 15, further comprising a third detector 
operatively coupled to one of the support and the source to detect movement of the 
one of the support and the source, the third detector generating a third signal 
corresponding to movement detected thereby. 

17. The apparatus of claim 16, further comprising a memory device 
coupled to at least one of the detectors to store the signal generated by the detector. 

18. The apparatus of claim 16, further comprising a display coupled 
to the detectors to graphically display a voltage generated by the first and second 
electron flows as a function of the movement detected by the third detector. 

19. The apparatus of claim 16, further comprising a printing device 
coupled to the detectors to print a representation of a voltage generated by the first and 
second flows of electrons as a function of the movement detected by the third sensor. 



20. An apparatus for determining a dimension of a semiconductor 
device feature, comprising\ 

first and secona sources of electrons; 

a first focusingv device positioned proximate to the first source of 
- electrons to focus a first electron^beantsemitted from the first source; 

a second focusing <^ evice positioned proximate to the second source of 
electrons to focus a second electron^eam emitted from the second source; and 

a support aligh^cy with the first and second focusing devices and 
configured to engage the semiconductor device, one of the support and the sources of 
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electrojjs-^eing movable relative to the other of the support and the sources of 
§£=K ele ct 



21. The apparatus of claim 20 wherein the support is movable relative 
to the sources of electrons in a direction generally transverse to at least one of the first 
and second electron beams. 

22. The apparatus of claim 20 wherein the support is movable relative 
to the sources of electrons in a direction generally aligned with an axis of at least one 
of the first and second electron beams. 




23. The apparatus of claim 20, further comprising a first detector 
spaced apart from the support to receive a first flow of electrons from the 
semiconductor device and generate a first signal corresponding thereto, and a second 
detector spaced apart from the support to receive a second flow of electrons reflected 
from the semiconductor device and generate a second signal corresponding thereto. 

/ 

24. The apparatus Af claim 23, further comprising a third detector 
operatively coupled to one of the^ support and the sources to detect movement of the 
one of the support and the ^burces, the third detector generating a third signal 
corresponding to movement detected thereby. 

25. The apparatus of claim 24, further comprising a memory device 
coupled to at least one of the detectors to store the signal generated by the detector. 

26. The apparatus of claim 24, further comprising a display coupled 
to the detectors to graphically display a strength of the first and second electron flows 
as a function of the movement detected by the third detector. 



27. The apparatus of claim 24, further comprising a printing device 
coupled to the detectors to print a representation of a strength of the first and second 
flows of electrons as a function of the movement detected by the third detector. 
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28. A method for determining a dimension of ar semiconductor device 
feature, comprising: / 

positioning a portion of the feature at a firstydxial distance from a focal 
point of an electron beam; / 

detecting a first flow of electrons corresponding to the electron beam 
and received from the feature when the electron beam impinges on the feature and the 
portion of the feature is spaced apart from the focaLpoint by the first distance; 

effectively moving at least one of me feature and the focal point of the 
electron beam to position the portion of thp4^a^ure at a second^axial distance from the 
focal point of the electron beam; / I I y 

detecting a second fkfw of electrons corresponding to the electron beam 
and received from the feature when the ^lectron bepm impinges on the feature and the 
portion of the feature is spaced apa^Jj^m ttfeiScal point by the second distance; and 

analyzing the first and second flows to determine a dimension of the 
feature. / 

29. The method df claim 28 wherein the first flow of electrons is a 
portion of the electron beam reflected by the feature and the step of detecting the first 
flow includes detecting the reflected portion of the electron beam. 

30. The method of claim 28 wherein the first flow of electrons is 
emitted by the feature whpn the electron beam impinges thereon, and the step of 
detecting the first flow includes detecting the emitted electrons. 

31. The method of claim 28 wherein the step of moving at least one 
of the feature and the/ focal point comprises moving the feature relative to the focal 
point along an axis or the electron beam. 

32/7 The method of claim 28 wherein the step of moving at least one 
of the feature LLd the focal point includes moving a source of the electron beam 
relative to the feature along an axis of the electron beam. 
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33. The method of claim 28 wherein the step of moving at/least one 
of the feature and the focal point comprises focusing the electron beam /to have the 
focal point spaced apart from the feature by the second distance. / 

34. The method of claim 28, further comprising moving one of the 
feature and the electron beam transverse to an axis of the electron tJeam. 

35. The method of claim 28, further comprising translating one of the 
feature and the electron beam along a first path transverse yfo an axis of the electron 
beam when the portion of the feature is spaced apaiT^Ana the focal pointby^the first 
distance and translating one of the feature aiuJ / the electron beam alpaca second path 
transverse to the axis of the electron bean/when th^Jportion o&ihe feature is spaced 
apart from the focal point by the second distance. / / 

36. The method of claim 35 Wherein the first path is generally the 
same as the second path, / 

37. The method of claim/35 wherein the step of analyzing includes 
forming a first representation of a voltage corresponding to the first flow of electrons 
as a function of a first transverse distance translated by the one of the focal point and 
the feature along the first path^ the step further including forming a second 
representation of a voltage corresponding to the second flow of electrons as a function 
of a second transverse distance translated by the one of the focal point and the feature 
along the second path, the step/still further including selecting one of the first and 
second representations. / 

38. The method of claim 37 wherein the step of selecting includes 
visually accessing the first yand second representations. 

39. r 
using a computer pro; 




method of claim 37 wherein the step of selecting includes 
ram to select the one of the first and second representations. 




40. The method of claim 37 wherein the step of forming the first 
representation includes forming a graphical representation. / 

41. The method of claim 37 wherein the step of forming the first 
representation includes forming a tabular representation. / 

42. The method of claim 37 wherein the first representation has a first 
change in voltage corresponding to an edge of Ae feature and the second 
representation has a second change in voltage cpa^snonding to the edge of the feature 
and the step of analyzing the first and sepdnd flo\ro includes selectirjg-tfrelSne of the 
first and second representations having a greater change iiKvoltage per unit of 
transverse distance. / /h^^^ 0 ^^ 

43. The method of ctairh 42/further comprising scanning a remaining 
portion of the semiconductor device with me semiconductor device positioned at the 
one of the first and second axial distances that corresponds to the selected one of the 
first and second representations. / 

44. The method of claim 37, further comprising: 

storing data corresponding to an intensity of the first flow of electrons as 
a function of a first transverse distance translated by the one of the focal point and the 
feature along the first path; and / 

storing data corresponding to an intensity of the second flow of electrons 
as a function of a second trans/verse distance translated by the one of the focal point 
and the feature along the second path. 

45. The iriethod of claim 35 wherein the step of analyzing includes 
forming a first representation of a voltage corresponding to the first flow of electrons 
as a function of a first transverse distance translated by the one of the focal point and 
the feature along the* first path, the step further including forming a second 
representation of a vc/ltage corresponding to the second flow of electrons as a function 
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of a second transverse distance translated by the one of the focal point and the feature 
along the second path, the step still further including combining the first and second 
representations. / 

46. The method of claim 28 wherein the s^ep of analyzing the first 
and second flows includes determining a lateral dimensionyof the feature. 

47. The method of claim 28 wherein/the step of analyzing the first 
and second flows includes determining a vertical dimension of the feature. 

48. The method of claim 47 wherein the step of moving at least one 
of the feature and the focal point includes )y / 

measuring a first position of th|f focaJ^oint when the feature is spaced 
apart from the focal point by the fimst distant, 

focusing the electron\^p / KYhave the focal point spaced apart from the 
feature by the second distance, and / 

measuring a second position of the focal point when the feature is spaced 
apart from the focal point by the second distance. 

49. A method for measuring a dimension of a semiconductor device 
feature, comprising: / 

moving one of a fiim electron beam and the feature transversely relative 
to the other of the first electron beam and the feature, the first electron beam 
impinging on the feature and Iwing a first depth of focus centered at a first point; 

receiving a first flow of electrons from the feature corresponding to the 
first electron beam; / 

moving one or a second electron beam and the feature transversely 
relative to the other of the Second electron beam and the feature, the second electron 
beam impinging on the feature and having a second depth of focus centered at a 
second point, the secondyaepth of focus being different from the first depth of focus; 



receiving a second flow of electrons from the feature corresponding to 
the second electron beam; and / 

analyzing the first and second flows to cletermine a dimension of the 
feature. / 

50. The method of claim 49 wheflfein the first flow of electrons is a 
portion of the first electron beam reflected by thetfeature and the step of receiving the 
first flow includes receiving the reflected portion^ of the first electron beam. 

51. The method of c#im M wherein th€tirst flow of electrons is 
emitted by the feature when the firsjr electipn beam/impinges thereon, and the step of 
receiving the first flow includes redeivipg/nfe-efrntted electrons. 

52. The method of claim 49 wherein the step of analyzing includes 
forming a first representation of an in/ensity of the first flow of electrons as a function 
of a first transverse distance moved by the one of the first electron beam and the 
feature, the step further including/forming a second representation of an intensity of 
the second flow of electrons as a function of a second transverse distance moved by 
the one of the second electron/beam and the feature, the step still further including 
selecting one of the first and second representations. 

53. The method of claim 52 wherein the step of forming a first 
representation of an intensity of the first flow of electrons includes forming a 
representation of a voltage corresponding to the first flow of the electrons. 

54. Thfe method of claim 52 wherein the first representation has a first 
change in intensity /corresponding to an edge of the feature and the second 
representation has ar second change in intensity corresponding to the edge of the 
feature and the stew of analyzing the first and second flows includes selecting the one 
of the first and sedond representations having a greater change in intensity per unit of 
transverse distance moved. 
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55. The method of claim 49 wherein the step of analyzing includes 
forming a first representation of an intensity of the first flow of electrons as a function 
of a first transverse distance moved by the one of thor first electron beam and the 
feature, the step further including forming a second representation of an intensity of 
the second flow of electrons as a function of a second transverse distance moved by 
the one of the second electron beam and the feature, the step still further including 
combining the first and second represen£afi^sA<yibnn a composite representation. 

56. The method of/claim 49 wherein tire step of moving one of the 
first electron beam and the feature fis sim^meousj^ith the act of moving one of the 
second electron beam and the featura^^r 

57. The method of <naim 49 wherein the step of moving one of the 
first electron beam and the feature yoccurs before the act of moving one of the second 
electron beam and the feature. / 

58. The method of claim 49, further comprising emitting the first and 
second electron beams sequentially from a single port. 

59. The method of claim 49, further comprising emitting the first 
electron beam from a first port and simultaneously emitting the second electron beam 
from a second port. / 

60. TTne method of claim 49, further comprising emitting the first and 
second electron beams from a single electron gun. 

61. / The method of claim 49, further comprising emitting the first 
electron beam from a first electron gun and emitting the second electron beam from a 
second electroiygun. 
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62. The method of claim 49, further comprising: 

storing data corresponding to an intensity of the first flow of electrons as 
a function of a first transverse distance moved by the/one of the first electron beam 

and the feature; and / 

storing data corresponding to an intensity of the second flow of electrons 
as a function of a second transverse distance moved by the one of the second electron 
beam and the feature. / 

63. The method of cjdim^ wherein the step of>nalyzing the first 
and second flows includes determinating a laflbfal dimension o£tfie feature. 

64. The method of c^^Va-wIierein the step of analyzing the first 
and second flows includes det^rmipitfig a vertical dimension of the feature. 

65. The method cff claim 64 wherein the step of determining the 
vertical dimension includes determining a distance between the first and second 
points, the first electron beam having the first depth of focus centered at the first point, 
the second electron beam havftig the second depth of focus centered at the second 
point. / 

66. A metMod for determining a width of a feature of a semiconductor 
device having a first surface and a second surface opposite the first surface, the feature 
having two first edges sj/aced apart from one of the first and second surfaces by a first 
distance and two second edges spaced apart from one of the first and second surfaces 
by a second distance,ythe method comprising: 

focusing a first electron beam to have a first depth of focus 
approximately centered at the first distance and receiving a first flow of electrons from 
the feature corresponding to the first electron beam; 

focusing a second electron beam to have a second depth of focus 
centered at a third distance different than the first and second distances and receiving a 
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second flow of electrons from the feature corresponding to the second electron beam; 
and 

measuring a distance between the first edges/6f the feature by moving 
one of the feature and the first electron beam relative to Xhjt other of the feature and the 
first electron beam transverse to an axis of the first electron beam along a transverse 
path while the first electron beam has a depth of fo^us approximately centered at the 
first distance. 



67. The method of cl^fTr66T^irther comprising emitting the first and 
second electron beams sequentiall^from a single source. 

68. The method of cl^fti 66, further comprising emitting the first 
electron beam from a first {fort and simultaneously emittingLihe second electron beam 
from a second port. 

69. ThelmethpQof daier-tfff wherein the step of focusing the first 
electron beam is simultaneousywith the step of focusing the second electron beam. 

70. The iBtethod of claim 66 wherein the step of focusing the first 
electron beam occurs after the step of focusing the second electron beam. 



71. The method of claim 66 wherein the step of measuring the 
distance between thfe first edges includes detecting an intensity of the first flow of 
electrons as a function of a transverse distance moved by the one of the first electron 
beam and the fe^tture and determining a distance between changes in the intensity of 
the first flow. 



/ 72. The method of claim 66, further comprising storing data 
coirespondmg to the intensity of the first flow of electrons as a function of a transverse 
distance moved by the one of the first electron beam and the feature. 



/ 

73. A method for determining a width of a feature of a/emiconductor 
device having a first surface and a second surface opposite the first suftace, the feature 
having first edges spaced apart from one of the first and secondysurfaces by a first 
distance and second edges spaced apart from one of the first and/second surfaces by a 
second distance, the method comprising: / 

focusing a first electron beam to have / first depth of focus 
approximately centered at the first distance and receivinga/nrst electron flow from the 
feature corresponding to the first electron hzzrp>^ / ) 

focusing a second electroja^beam WMave a second depth of focus 
approximately centered at the second/distance a^d/receiving a secopd^eTectron flow 
from the feature corresponding to tjafe second el/ctron beam, the^cond distance being 
different from the first distance; / / \f 

measuring the firs/ electron ffow^form^first measurement; 

measuring the seqpnd eleen-onynow to form a second measurement; 

combining the firsthand second measurements to form a composite 
measurement; and / 

analyzing the composite measurement to determine a width of the 

feature. / 

74. The method/of claim 73, further comprising moving one of the 
feature and the first electron beam relative to the other transverse to an axis of the first 
electron beam along a first transverse path and moving one of the feature and the 
second electron beam relative to the other transverse to an axis of the second electron 
beam along a second transverse path. 

75. The method of claim 74 wherein the composite measurement 
includes a voltage generated by the first electron flow as a function of a distance 
moved by the one ot the first electron beam and the feature along the first transverse 
path, the composite measurement further including a voltage generated by the second 
electron flow as a/function of a distance moved by the one of the second electron beam 
and the featured along the second transverse path, and the step of analyzing the 
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composite measurement includes measuring a distance between (manges in the voltage 
generated by one of the electron flows that correspond to the f>ret edges. 

76. The method of claim 75 whereir/^ the step of analyzing the 
composite measurement includes measuring a first distance between changes in the 
voltage generated by the first electron flow that Correspond to the first edges and 
measuring a second distance between cjiarigesng/the voltage generated by the second 
electron that correspond to the se 



77. The method of claii 
electron beam is simultaneous (with the srceil 




73 wherein the sptf) of focusing the first 
of focusing tb^second electron beam. 



78. The method of claim 73 wherein the step of focusing the first 
electron beam occurs after the stgp of focusing the second electron beam. 

79. The method of claim 73, further comprising emitting the first and 
second electron beams sequentially from a single port. 

80. T\\h method of claim 73, further comprising emitting the first 
electron beam from ^/first port and simultaneously emitting the second electron beam 
from a second port./ 



81/ The method of claim 73 wherein the first electron flow is a 
portion of the first electron beam reflected by the feature and the step of measuring the 
first electron flow includes measuring the reflected portion of the first electron beam. 



/ 82. The method of claim 73 wherein the first electron flow is emitted 
by the feature when the first electron beam impinges thereon, and the step of 
measuring the first flow includes measuring the flow of emitted electrons. 



